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® Pharmaceutteal formulatlona comprising mlcroeapsulea. 

® Pharmaceutical formulations comprise: 

0) microcapsules which consist essentially of a biocompatible polymeric wall material encapsulating a 
drug, and 

(«) a ripld-sduble surfactant which is mixed with the microcapsules or is Incorporatad within or coats 
the wall material of the microcapsules. 

Such formulations may be presented as an aerosol or dry powder for inhalation. lv!icrocapsules with 
surfactant Incorporated In the wall material may be suspended In a phannaceutlcally acceptable water- 
Irnmisdbie oil and the resulting suspension emulsified in an aqueous medium to obtain a fonnulation for oral 
administration. 
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PHABMACBtmeAL FORMULATIONS COMPRISING MICROCAPSULES 

TTiis invention relates to controiling the release of drugs from pharmaceutical formulations. 

Currently avaflatrie treabnents for asthma and bronchitis, although generally effective, are limited by the 
necessity for frequent dmg administration and/br the possibility of unpleasant or debilitating side effects, it 
has long been established that direct appBcstton of bronchodltating drugs to the lungs by Inhalation 
provides rapid relief for asthmatic and bronchttic symptoms. However, the rapid systemic absorptiori of 
drugs when administered by this route results In a relativety short duration of the desired clinica! effect 
Consequently this route of administration has not been as acceptable fbr the prophytatic admlnlatratian of 
bronchodllating dnigs In an attempt to prevem acute asthmatic attacks. Certain oral dosage fomw are 
available for fhte latter purpose. However, they are not admbiistered directly to the site of action. The 
dosages required are theiefbre very much higher and the Incidence of unpleasant tide effects is much 



The respiratory tract may also be used as a means of drug administration In etrcumstarices where other 
routes are Inappropriate or Inconvenient Certainly anaesthetic agents are administered by this route for 
their systemic activity, and there Is evidence in the literature that peptides such as Insufln can be absorbed 
IS systematically from the lungs. 

The process of microencapsulation of drugs in various polymeric materials Is a well known means of 
producing controlled release drug delivery systems. Factors controlling the release of drug? from these 
microcapsules have been well described In the literature. In summary' the crfticai factors are: 
1. the method of encapsulation and therefore the physical nature of the microcapsule; 
20 2. the specific polymeric material chosen to form the walls of the microcapsule; 

3. the physical state, of the polymeric material in the microcapsule, i.e. the degree of crystatlinity; and 

4. the solubility and diffusion characteristics of the salt fonn of the drug chosen. 

Children and the elderiy have difficulty in swallowing conventional tablets and capsules. Unfortunately 
there have been many technical difficulties in producing controlled release drug delivery systems which 
2S could be administered In syrup or liquid form. The greatest technical difficulties are, on the one hand, of 
keeping the active Ingredient largely out of aqueous solution during storage, white at the same time allowing 
this actWe Ingredlem to dissolve slowly once the product has been administered to a patient 

We have now produced microencapsulated drug particles typically in sizes ranging In excess of lum. 
The dnjgs employed have been Incorporated In various polymeric wall fomilng materials. It was found that 
30 when these microcapsules were exposed to lipld-soluble surfactant or when such a surfactant was 
incorporated in the wail material of the microcapsule, the release of dnjg from the microcapsules was 
retarded. The rate of release of the drug could be controlled with respect to time. 

Accordingly, the present invention provides pharmaceutical formulations comprising: 
0) microcapsules which consist essentially of a biocompatible polymeric wall material encapsulating a 
9S drug, and 

(il) a llpld-soluble surfactant which Is mixed with the microcapsules or is incorporated within or coats 
the wail material of the mlcrocapsutes. 

Such formulations can be simple mixtures of microcapsuies encapsulating a drug and surfactant 
Alternatively or addWonally, microcapsules encapsulating drug may have been exposed to surfactant so that 

40 the surfactant forms a coating on the wail material of the microcapsules, fwllcrocapsules having surfactant 
Incorporated In their wails may also be prepared by dissolving the polymeric material for the wails In a 
solvent, dispersing surfactant and dmg in the polymer solution and evaporating off the solvent. A 
pharmaceutically acceptable carrier or diluent may be provided In the formulation. 

The formulation may be presented In a fomi suitable for Inhalation. For this purposes, it may take the 

45 forni of an aerosol In which the microcapsules are suspended in the propellant for the aerosol or It may be 
in dry powder form. Use of the present system for local application of drugs to the lungs extends beyond 
bronchodllating agents. Other dmgs important In the treatment of asthma may be administered in this way 
Including corticosteroids, disodlum chromoglycate antihistamines and leukotriene antagonists. Furthemtore. 
slow release of antibiotic and antiviral materials, chemotherapsutic agents for cancer treatment in the lung 

60 may be achieved. 

Attematlvely, an orally admlnlstrabie preparation may be fomriuiated. A preferred such oral formulation 
ie prepared by suspending the microcapsules incorporating the suifactant In their walls In a pharmaceuti- 
cally acceptable woter-immlscible oil end emulsffyfng the oil suspension of microcapsules In an aqueous 
medium. 
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By mixing the llpid-soluble surfactant wHh the microcapsules or incorporating the surfactant in the walls 
of the microcapsules, the release of drug from the microcapsuies can be controlied. in its turn, this controls 
the degree and duration of the pharmacoiogical effect obtained. As far as the prefened liquid oral, dosage 
form is concerned, a drug release delivery system can be produced which is stable in the aqueous form but 

6 which releases dnjg Jn vivo at rates similar to that produced by various conventional long acting 
formulations. Furttior, the system is easier to administer to children and older patients. Protection of dnjga 
l>y way of microencapsulation in tiie system can improve their stability in aqueous media. The flavour and 
palatabillty of liquid formulations may be improved. 

The drug encapsulated in tiie microcapsules may be any agent which exhibits a pharmacological effect 

10 The drug may be selected from antibiotics such as ampiclllin or penicillin V, cardiovascular drugs such as: 
betablockers, calcium antagonists or nHrstes such as isosoibide dinltrate or isosorblde mononlti^, a drug 
for cough and cold preparations such as dextrometiiorphan or diphenhydramine, peptide drugs such as 
insulin or human growth hormone, ottier naturally occurring agents and derh^atives such as prostaglandina, 
anti-vlrBl agents and anti-convulsants such as phenytoln and sodium valproate. 

IS Preferably, tiie drug is a* bronchodilating agent Suitable bronchodllator compounds include beta- 
receptor agonists and, more particuterly. beta-kdrenergic agonist .agents sudi as salbutamol (2> 
tertbutylamino-1-(4-hydroxy-d-hydrDxymethyl phenyl)ethanol. normally presented as its sulphate) and ter- 
butallne (2-tsitbutylamim>-1-(a.5<<flhydroxyphenyl)ettiBnol, normally presented as Hs sulphate). Otiisr bron- 
chodilating agents which may be employed are xantiilnes such as thaophylUne. anti-choitnergic agents such 

20 88 ipatroplum bromide and the lilce. calcium antagonists such as nifedipine and biological agents such as 
laulcotrienes and derfvativas thereof. 

The amount of drug Incorporated In the microparticles usually ranges from less tfian 1% to as high as 
95% by weight preferably from 1 to 80% by weight Two or more drugs may be encapsulated in ttie 
microcapsules, in such an event, ttw drugs must be inert wfth respect to each other. 

as The polymeric wall material of tiie microcapsules must be biocompatible. A biocompatible polymeric 
material Is a polymeric material which Is not toxic to tiie human k>ody. Is not carcinogenic and should not 
induce Inflammation In body tissues. Preferably, tiie wall material Is Wodegradable in the sense ttiat It 
should degrade by bodily processes to products readily disposable by the body and should not accumulate 
In the body. For microcapsules for Inhalation, ttierefore. tiie wail material should be biodegradable. Suitable 

so examples of polymeric materials include poly(glycoIic add), poiy-d.1 -lactic add copolymers ttiereof. 
copolyoxalates. poiycaprolactone, polyOactic add-caprolactone). and ttie like. For oral preparations, cel- 
lulose derivatives such as etiiyl cellulose may be employed. 

The molecular weight, of the polymeric material for the walls of the microcapsules should be high 
enough so tiiat It forms satisfactory polymer coatings. Usually e satisfactory molecular weight is greater 

35 ttian 10,000 daltons. The molecular weight of a polymer Is also Important from me point of view tiiat 
molecular weight influences tiie blodegradation rate of tiie polymer. By an appropriate selection of 
polymeric materials a formulation can be made such tfiat the resulting microcapsules remain intact until all 
of the dmg is released and then degrade. 

The microcapsuies may be prepared In any suitable fashion. They may be pTepared by spray-drying. In 

40 tills technique, tiie polymeric material for tiie vralls of ttie microcapsules is dissolved in a solvem such as 
methylene chloride. An appropriate amount of surfactant if desired, and daig. depending on ttie desired 
core load of the microcapsules, is dispersed in the polymer solution. This dispersion is ttien spray-dried. An 
Inert gas such as nitrogen Is typfcally forced through ttie nozzle of the spray-dryer witti ttie dispersion to 
cause en aerosol of microcapsules to be formed initially. The microcapsules are then collected. 
46 Alternatively, tite microcapsuies may be prepared by: 

(a) dissolving or dispersing a drug in a solvent typically methylene chloride, and dissohn'ng a 
biocompatible and biodegradable wall forming material in the solvent 

(b) dispersing the solvem containing ttie dmg and wall forming material In a continuous phase 
processing medium sudi as a 1 to 10% by weight polyvinyl alcohol In water mixture; 

60 (c) evaporating a portion oUba-soh^ent from ttie dispersion of step (b). thereby forming mlcro- 

capsulss containing the dnjg in suspension; and 

(d) exttacting ttie rennatnder of ttie solvent from ttie microcapsules. 
The nticropartide product Is usually made up of particles of a spherical shape alttiough sometimes tiie 
microcapsules may be inragulariy shaped Preferably 0.1 to 10 um, more preferably I to 5 um. average 
58 diameters are desirable for microcapsulea for inhalation. For oral use, typical average dlarneters of 
microcapsules are from 0.1 to 20 um, preferably from 1 to 20 um. 
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The microcapsules Incorporate a Rpid-soluble surfactant as a drug release controning agent The 
surfactant is typically In liquid form, ft is preferably a sorbttan fatty add ester such as sorbitan trioleate, 
sorbttan mQnolauF3te» sorbttan monooleafe. sorbttan monopalmttate and sorbitan monostearate. ^Alter- 
natively, the surfactant may be a potoxamer or a surface aeth/e fatty acid such as oleic add. 

a Where the formulation is a simpfe mixture of microcapsules and surfactant the surfactant Is typically 
present In an amount up to twrice the weight, preferably up to the weight of mIcrocapsulBS. However, In the 
case of an aerosol the amount of surfactant is generally rather less then this. Surfactant can be incorporated 
In the walls of the microcapsules In an amount of up to 25% by weight of the microcapsules. Preferably, the 
amount is at least f % by weight Where more than 10% by weight 1$: used, little useful additional effect Is 

to achieved. Whan mlcrocapsutes are exposed to surfactant to enable the surfactant to become coated on the 
microcapsule walls, typically the amount of surfactant to which the microcapsules are exposed is up to tan 
times, for example up to twice or more, the weight preferably up to the weight of the microcapsules. 

Formufatlans according to the invention may be presented in a fonm 8iM>le for inhalation. For this 
purpose, the formulations are generally loaded in an aerosol canister or. in dry powder form, in an Inhaler, 

T6 In an aerosot the microcapsules are suspended in the propellant for the aerosol. In a dry powder inhaler, 
the microcapsules may be mixed with a diluent such as lactose. Typically, such microcapsules have had 
surfactant incorporated In their walls during the encapsulation procedure. In both ways, a tine suspension of 
microcapsules may be taken into tiie lungs by a patient Typically, the aerosol canister or inhaler allows a 
metered dose of a drug such as a bronchodUating agent to be inhalsd. This is generally achieved by tiie 

ao pnivislon of a vah^e which meters the amount of formulation, fluid In the case of an aerosol, discharged with 
each actuation. 

The microcapsules may be contacted with tiie surfactant prior to loading, in an aerosol. Preferably, 
however, the surfactant is provided with tiie microcapsules and the propellant for the aerosol in the aerosol 
cannlster. In such an instance, the surfactant may be provided In an amount ranging down to 10% of the 
26 weight of the microcapsules. The concentration of surfactant In tiie mixture In the aerosol cannlster Is 
typically no more than 5% by weight preferably from 0.01 to 1% by weight In the case of microcapsules 
for a dry powder inhaler, the surfactant is Incorporated In the microcapsule walls prior to loading the Inhaler 
witii the microcapsules. 

Formulations according to the invention may alternatively be ingested orally. The microcapsules are 

30 exposed to surfactant and suspended in a pharmaceuticaliy acceptable water-immlsclble oil. The oli is 
typically liquid, a fixed oil such as a fatty add ester of glycerol. For example, the oil may be cotton seed oil 
or etiiyl oleate. This suspension Is then emulsified in an aqueous medium. By altering the drug loading In 
ttie microcapsules and t>y varying the relative concentrsttions of surfactants and oil. It is possible to alter the 
amount of drug Immediately available in tiie . aqueous phase of the mixture as well as control the rate of 

35 release of drug from the mixture into systems which mimic oral absorption. 

The formulations are administered to a patient by inhalation or orally. A tiierapeutically effective amount 
is taken by a patient Dosages depend upon the condition being treated, the stage the condition has 
reached, the patient under treatment end the drug being administered. Typically, however, one or two doses 
per day of a formulation of the Invention may be ghran to a patient 

40 In a preferred embodiment where a bronchodllating agent is encapsulated fbr inhalation, asttima. 
t>ronchttis and other diseases of tiie respiratory system may be treated. The amount of formulation 
administered depends on tfte particular disease- or disorder being treated and the type of bronchodllating 
agent being administsred. Generally, however, the formulations may be InhaJad only once or twice during a 
day. Thus, a formulation may be Inhaled on two occasions per day, witii an eight to twehra hour gap before 

45 the second Inhalation, in an amount sufficient to deliver from 50 ug to 2 mg, more preferably 100 to 500 ug, 
of bronchodllating agent to the lungs per occasion. The dosage for salbutamd, for example, may be two 
inhalations of 100 ug each. This contrasts witii the racommended dose for conventional salbutarhol aerosol 
inhalations of 1 to 2 inhalations, each of 100 ug. every three to four hours up to a maximum of eight per 
twenty hours (Martindale. The Extra Pharmacopoeia, 28tii edition. 19B2). The dosage for terbutallne may be 

80 two inhalations each of 250 ug. 

The following Examples 1 to 6 illustrate tiie Invention. In the accompanying Figures: 
Rgure 1 shows tiie results of the assays of tiie supematant for terbutallne sulphate in Example 2; and 
Rgure 2 shows tiie results of tiie dissolution test in Example 2. 

65 
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Reference Example: Preparation of terbutaline mterocapsules 

Terbutaline sulphate microcapsules were prepared using a Buchi 180 MIril spray-dryer equipped with a 
0.7-mm spray nozzle (Brinkmann Instruments Co, Westbury, N.Y.). The spray-drying procedure was 
6 conducted as follows: 

A 1^5 wt % polylactide-gtycolide copoiymer <DL-PLQ} solution was prepared using methylene chloride 
as the solvent After complete dissolution of the polymer, terbutaline sulphate was added to the polymer 
solution In an amount equalling the weight of OL-PLQ. The terbutaline sulphate particles ware then 
suspended by homogenlzation using a Brinkmann Polytron homogenlzer (Brtnkmann Instruments- Co, 

10 Westbury N.Y.). Immediately after the homogenlzation was completed, the dnig/poiymer mixture was 
pumped Into the nozzte of the spray dryer at a flow rate of approximately 1 ml/min. To effect aerosollzation, 
nitrogen was also directed through the nozzle. The nitrogen pressure was maintained at about 103 KPa (15 
Iba/inZ). The temperature of tiie spray-dryer chamber was kept at approximately 70 *C. After aD of the 
drug/polymer mixture was processed, the spray dryer was allowed to gradually cool to room temperature 

fs and the microcapsule product was collected. 



Exampte 1: Effect of sorfaHan trtoteate on the In vHro release of terbutaflne from microcapsules 

20 Solutions of sorbitan trioleate (Span 85) were prepared: as foUows. Into a 11 3g (4 oz) gfaas Jar, 150 to 
160g of Freon was added via a gas cylinder. Next, an appropriate amount of Span 85 was added to each 
Jar. To prepare 1% Span 85 in Freon, approximately 1^ g of Span 85 was weighed into a weigh boat and 
poured Into the Jar containing the Preon. To prepare more dilute surfactant solutions It was necessary to 
add the Span 85 surfactant via a pipette. It was detemnlned that 10 drops of Span 65 weighed 

25 approximataly 150 mg. Therefore 1 drop weighs approximately 15 mg. 



Solutions prepared Span 65 added Freon wt 



1% Span 65 


-1.5 g 


156.4 


g 


0.25% 


25 drops 


156.0 


g 


0.10% 


10 drops 


161.2 


g 


0.01% 


1 drop 


150.7 


g 



After the surfactant was added, tiie jars were capped with Teflon-lined screw cape and shaken. The jars 
were stored at -70 " C, 

Microcapsules wars weighed into plastic scintillation vials and dffferent surfactant solutions were added 
to each vial Individually. The vials were labelled accordingly, and a stir bar was added to each vial. The 
sample was allowed to stir uncovered for approximately 4 hours at room. temperature. The samples were 
then placed under a hood and exposed to continuous air flow for 30 min to remove all traces of the Freon. 
The mtcrocapsuleySpan 85 mixture was ttien scraped from the vial. 

An amount of microcapsules which contained approxtmatafy 15 mg of terbutailne sulphata was weighed 
out in triplicate and placed Irrto small nylon pouches. These pouches consisted of 5 um, nylon mesh (Small 
Parts Inc., Miami, Rorida), and were 3.61 cm ^ 3.81 cm (1.5 In >^ 1.5 in). The pouches were formed by heat 
sealing the edges with a hot spatula blade. The microcapsules ware sealed vriihin the pouch by this method 
as well. 

A nylon pouch containing the microcapsules was then placed in a 227 g (8 oz) glass Jar. and 200 ml of 
deionized water was than eddied. Next, the glass Jar was placed in a shakert^ath maintained at 37»C and 
oscillating at a rate of about 120 cydes/hnin. Allquots were tiien removed periodically from the receiving 
fluid and assayed spectrophotometrically at 227 nm to determine their tert>utellne sulphate concentrations. 
The amounts of terbutaline sulphate released was then calculated by using the highest recorded absor- 
bancs to datennlne 100% release of drug from the microcapsules. After the maximum or 100% release was 
obtained, the % release was determined proportionally. To IliustratB, tfte following data were otMned for 
Microcapsule Batch D743-021 after exposure to 0.10% Span 85 In Freon. 
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Time 



Abs. ° 227 nm Cone (ug/mL) % Released 



5 min 
15 min 
30 Kin 

1 h 



1.443 74.0 83.5 

1.650 85.4 96.4 

1.693 87.6 . 98.9* 

1.711 88.6 100.0 



Thus the maximum absorbance as detemilnad spectrophotometrlcally at 227 nm vras SaS ug/mL This 
was datarmlned via a standard curve which was done previously. After detemilning the ma>dmum release at 
1 h of 88.6 ugAnL the percent release at the earlier times was calculated proportionally. For example, the 
release at 5 min was calculated as Idlows: 



The results are shown in Table 1 below. 



Example 2: Liquid oral terbutallne formulation 

Microcapsules of terbutallne sulphate were produced by spray drying according to the Reference 
Example. The particle sizes of the microcapsules were from 1 to 10 um. The microcapsules were mixed 
with sorbitan trioleate surfactant; then mbced wKh the oil, ethyl oteate; and finally emuisffied In water by first 
adding the non-ionic surfactant Cremophor EL to the oil and microcapsule mixhjre and then adding 
quantities of water with vigorous mixing. The weight ratio of terbutallne microcapsules: sorbitan trioleate was 
about 1:5. The following quantitative fomnula was employed: 

Terbutaline microcapsules 174 mg 

Sorbitan trioleate 1 ml 

ethyl oleate 5 ml 

Cremophor EL 5 ml 

Water QS 100 mf - 

The aqueous supernatant was assayed for terbutallne content on the Ist, 5th and I4th day after 
production. Furthermore after the 14th day a 20ml sample of this mixture was exposed to the standard USP 
dissolution test run in pH 6.8 buffer at 37" C and a stirring frequency of 50 cycies/mln. The results are 
shown In Rgures 1 and 2. 

In Rgure 1, the date from the assays of supematant when the mixture was stored for 14 days are 
presented. It is clear from this Rgure that the concentration of terbutallne sulphate In the aqueous phase on 
the Ist day after production was 8.9% of the total terbutallne concentration and at 14 days the concentration 
was the same. By contrast the results In Rgure 2 present date for the In vifro dissolution of this same Hquld 
formulation. This pharmacopoeia test Is the same as that recommended for many tablet and capsule long 
acting fbnnulatlons. In Rgure 2 It Is quite apparent that when the mixture was exposed to this USP test, 
dnjg dissolved slowly but completely In the aqueous media over a 2 hour period. 



Example 3: Preparation of Aerosols containing Microcapsules 

Experimental aerosols were prepared by adding an appropr^te quantity of microcapsules of terbutaline 
sulphate to an empty aluminium canister. The microcapsules were produced by spray-drying acconJing to 
the Reference Example. They were designated batch D743-055-1. Their core loading of terbutaline sulphate 
was 2BB% by weight The amount of terbutallne sulphate released from the mlcnwapsules. In the absence 
of surtectant was measured In vi^ by the procedure described in Example 1. The percentages by weight 
of terbutallne sulphate released after 5. 10 and 30 mins were 84.5%, 9a6% and 98.8%, raspectiveiy. 



74.0 uq/ml» x 100% - 83.5% 
88.6 ug/mL 
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The remaining Ingredients for the aerosol, suitably cooled, were added. A metered valve capable of 

delivering 25 ul of the mixture was crimped to the canister to provide a seal. The followring aerosols were 

prepared: 



Aerosol No. 1 

Microcapsule batch D743^55-1 200 mg 
Sorbltan Trioleate 140 mg 
10 Trichlorofluoromethane (Propellant 11 BP BO) 3.44g 

Dtchiorotetrafluoroethane (Propellant 11 4 BP BO) 3.44g 
Dlchlorodlfluoromeihane (Propellant 12 BP 80) 6.88g 



IS 

Aerosol No. 2 Microcapsule batch D743-055-1 200 mg 
Trichlorofluoromethane 3.44 g (Propellent 1 1 BP 80) 
DIchiorotetraftuoroethane (Propellant 1 1 4 BP 80) 3.44g 
Dlchlorodifiuoromethane (Propellant 12 BP 80) 6.88g 



BgmBte 4: jn yiyo studies Invoh^no tertmtallne microcapsules 

Aerosols prepared as described in Example 3 were tested In human volunteers. In one experiment 
as Aerosol No. 1 was employed. The physiological effects produced by this aerosol were compared to similar 
effects praducted in the volunteer by a commeroiaUy available terbutallne aerosol. The human volunteer 
inhaled 4 puffs from the commercially available terfautaOne Inhaler (total inhaled dose approximately 1 mg 
terbutallne sulphate) and. on another occasion. Inhaled 8 puffs from Aerosol No. 1 (Inhaled dose approxi- 
mately 1 mg terbutallne sulphate). Ainway resistance was measured at regular Intervals following Inhalation 
30 of the drug substance, utilising a constant volume body plethysmograph and expressed as specific airway 
con&ictance (sQaw). This method has been described by others, for instance see J E Harvey and A E 
Tattersfield Thorax 1882; 37:280-287. The results of this experiment are given In Table 2 below. Time hera 
and In Table 3 Is in minutes. 



3B 

Table 2; % Change in sGaw 





Time 


Commercial Aerosol 


Aerosol 




30 


40 


10 


40 


60 


63 


22 




120 


36 


22 




240 


40 


22 


46 


360 


10 


20 




420 


0 


22 



A second oxparimem was carried out using another human volunteer. Aerosol No. 2 of Example 3 was 
compared against a standard terbutallne aerosol. In this case the volunteer inhaled 4 puffs of the 
50 experimental formulation and 2 puffs from the standard Inhaler. SQaw was again measured at regular 
Intsrvals as described above. The results from this experiment are gh^en In Table 3 below. 
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Table 3: % Change in sGAv 

Commercial Aerosol Aerosol No. 2 
47 10 
47 30 
22 . 39 
•6 13 

The data presented in Tabtes 2 and 3 dearly indicates thai Aerosols Nos. 1 and Z containing 
• microencapsulated teitutallne. were capable of prolonging the effect of the drug on sGaw. Comparing the 
results from the first and second experiments indicates that the sorfaftan trioleate component of the aerosol 
mixture also had a ^nfficant influence on the results. It is clear that the Initial response to terbutaUne from 
Aerosol No. 1 was substantially depressed and that Ihe response was constant for up to six hours. By 
comparison, the maximum pharmacological effect far Aerosol No 2 was delayed by approximately one hour 
as a result of the microencapsulation of 'the drug. The response was not constant and was in steep decline 
• by the time of four hours. These data cleariy indicate that the surfactant prolongs the effect of the inhaled 
^ microcapsule formulation. 

Example S: Preparation of Microcapsules Incorp'oratinB Surfactant in their wajl material 

Salbutamol suphate microcapsules containing Span 85 were prepared u^ng a BuchI 190 Mini spray- 
^ dryer equipped with a 0.7 mm spray nozzle (Brinkmann instnimenlis Co. Weslbury, NY). The spray-drying 
procedure was conducted as follows. 

A DL-PLQ solution (0^ wt %) was prepared using methylene chloride as the solvent After complete 
dissolution of the polymer the span 85 was added. An amount of Span 85 was added such as to obtain a 
core loading of surfactant of 10% by weight After the Span 85 was dispersed throughout the solution, the 
^ salbutamol sulphate was added. An amount of salbihamol sulphate was added such as to obtain a core 
loading of drug desired of 20.1% by weight The salbutamol sulphate particles were then suspended by 
homogenlsalion using a BrinJanann Polytron homogeniser (Brinkmann Instruments Co, Westbury, I4Y). To 
perform this homogenlsation procedure, the probe of the homogeniser was submerged In the poiymer/dnig 
mixture. The homogeniser was operated at a setting of approximately 6. The mixture was homogenised for 
three 30 second bursts, allowing 30 seconds between each burst 

Immediately after the homogenlsation procedure, the polymer/dnjg nuxture was placed on a stir plate 
and stln'ed vigorously to ensure that the salbutamol sulphate parHdes remained in suspension. A Qiison 
MInlpulse 2 pump (Qiison Medical Electronics Inc. MIddleton. Wl) was then used to pump the mixture into 
the nozzle of the spray-dryer. A ftow rate of approximately 1 ml/min was attained using size-14 Viton tubing 
^ (Cole-Parmer Instrument and Equipment Co. Chicago. lU. A small piece of aluminium foil was wrapped 
securely around the tubing and the mouth of the solvent jar to prevent loss of methylene chloride through 
evaporation. 

To effect aerasolrsation, nitrogen was directed through the nozzle of the spray-dryer. The nitrogen 
pressure was maintained at about 103 KPa (15 Mm^ . as determined by the regulator on the nitrogen tank. 
^ The temperature of the spray^ryer*s Inlet chamber was maintained at about 50"Cr while the collection 
chamber was kept at approximately 40«C. After all of the mixture was processed, the spray-dryer was 
allowed to gradually cool to room temperature and the microcapsule product was collected. 

so 
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Example 6: MBBSurement of In Vhro Release RgtB-from MiCfDcapsules incorooratino Surfactant in their wall 
material 

In order to simulate release of drug In the lungs, a simple disaolufion/diffuBlon apparatus was utilised, tn 
0 this system, accurately weighed amounts of saibutamol-containing microcapsules prepared according to 
Example 5. of saibutamol-containing microcapsules prepared according to Example 5 but without span 85 
or pure saibutamol ware placed inside a sealed place of dialysis tubing. The pieces of tubing were then 
suspended in beakers containing 150 ml of pH 7.4 buffer. The buffer was stirred at a constant rate. Small 
samples ware talon from the fluid in the beakers at regular intervals and assayed for active dnjg using the 
70 following procedure: 

Samples of the buffer ware injected directly on an HPLC fitted with a 2-Module with Novopak column 
and Quardpak pra-column, and a fluorescence detector set at 230 nm excitation with no emission filter. The 
solvent emptoyed was a 4:86 acetonltrllaAvater with TEA adjusted to pH3 with orthophosphrolc acid, and the 
flow rate was 2J ml per minuia. 
js The release of saibutamol from the two different batehes of mlciocapsules. one with and the other 
without surfactant Is demonstrated in Table 4 below. Cleariy. the presence of the Span surfactant within the 
micnxapsulsas substantially delayed the release of the drug. 



20 Example 7 

Saibutamol microcapsules were prepared using the reference method and an in vitro release study waa 
caffied out as described In Example 1 except that oleic add waa used as the surfactant instead of sorbltan 
trioleate. The results obtained are shown In Table 5 below. 
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A pharmaceutical formutatidn oomprlslng: 



fl) mtcrocspsules which consist essantially of a bjocompatlfale polymeric wall materiaJ encapsulatino a 
drug, and 

01) a ilpld-soluble surfactant which is mixed with the microcapsules or is incorporated wfthin or coats 
TO the waii material of the microcapsules. 

2. A formulation according to claim 1. wherein the surfactant is a sorbitan fatty add estar. 
■ 3. A formulation according to claim 2, wherein the surfactant is sorbitan trioleate. 

4. A formulation according to claim 1. wherein the wall rriaterial Is biodegradable. 

5. A fonmulation according to daim 4. which is in the form of an aerosol for Inhalation. 

IB e. A formulation according to claim 5. wherein the concentration of surfactant In the serosol cannister la 
from 0.01 to 1% by weight 

7. A formulation according to daim 4, which is In the form of a dry powder for Inhalation and wherein 
irom 1 to 10% by weight of surfactant is Incorporated In the waits of the microcapauiea. 

a A formulation acconJIng to daim 1. which Is in the fomn of a composition suitable for oral 
20 administration wherein the microcapsules, which are coated with surfactant, am suspended in a pharmacy 
tically acceptable water^nmlscible oil which Is in turn emuisifled in an aqueous medium. 

9. A formulation according to daim 1, wherein the dmg is an antibiotic, cardiovascular drug, a dnjg ftM- a 
cough or cold preparation, a peptide drug, any other naturally occurrtng agent or a derivative thereof, an 
anti-virai agent, an anti-convuisant or chemothsrapeutic agents for cancer treatment 
as 10. A formulation according to claim 1 , wherein the dnjg is a brenchodliattng agent or other anti-asthma 
dnigs such as cortiqo steroids, dlsodlum chromogiycate and antihistamtnes. 

11. A fomiulatlon according to claim 10, wherein the bronchodllating agent Is a beta-adrenergic agonist, 
a xanthine, an antf-cholinerglc agent, a caldum antagonist or a leulcotrfene or derivative thereof. 

12. A fbmtulation according to daim 11. wherein the dnjg Is saibutamol or terbutailne. 

30 13. A process for the preparation of a pharmaceutical fonmulation as defined in claim 1. which process 

comprtaes mixing the microcapsules with the surfactant. 

14. A proceas for the preparstion of a pharmaceutical tormuialion ss defined in daim 1, which process 

comprises exposing the microcapsules encapsulating drug to surfactant so -that the surfactant coats the waO 

material of the microcapsules. 
* * process according to daim 14. further comprising suspending the microcapsules which have 

been exposed to surfactant in a phanmaceutically acceptable water-tmmisdbie dl and emulsifying the 

resulting suspension in an aqueous medium. 

16. A process for the preparation of a pharmaceutical formulation as defined in claim 1, In which the 

surfactant Is Incorporated In the wall -material of the microcapsules, which process comprises dissoh^ing the 
40 polymeric material for ths walls in a sdvent dispersing surfactant and drug in the polymer sdution and 

evaporating off the solvent 
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